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Abstract

Lesions of the entorhinal cortex produce retrograde memory impafey words

ment in both animals and humans. Here we report the effects: @ftorhinal cortex
bilateral entorhinal cortex lesions caused by the stereotaxic infusion dflemory
N-methyl-D-aspartate (NMDA) in rats at two different moments, NMDA lesions

way shuttle avoidance, inhibitory avoidance and habituation to an
open field. Pre- or post-training entorhinal cortex lesions caused an
impairment of performance in the shuttle avoidance task, which
agrees with the previously described role of this area in the processing
of memories acquired in successive sessions. In the inhibitory avoid-
ance task, only the post-training lesions had an effect (amnesia). No
effect was observed on the open field task. The findings suggest that
the role of the entorhinal cortex in memory processing is task-depend-
ent, perhaps related to the complexity of each task.

Introduction area for the integration of information previ-
ously processed by the amygdala, hippocam-
The entorhinal cortex is superficial to thepus and/or septum and for the distribution of
amygdala, forming the anterior part of thethis information to other parts of the brain
parahippocampal gyrus (1). It processes dif-1,10). Experiments using infusion of selective
ferent types of memories, including aversiveneurotransmitter receptor agonists and antago-
and spatial memories (2-4) both inrats (2,5,8)ists into the entorhinal cortex at different
and primates (3,7). In humans, the mosiimes after training and at the time of testing
prominent lesions of Alzheimer's diseasesuggest that this structure has a delayed post-
are found in the entorhinal cortex (1,8).  training role in memory (4,10) particularly in
The entorhinal cortex has two-way monothe integration or summation of memories ac-
and polysynaptic connections with thequired in consecutive trials or episodes (11).
amygdala, the hippocampus and the medial The present study investigated the effect on
septum (9), structures known to be involved irmemory of bilateral stereotaxic N-methyl-D-
the processing of memories (10). Thus, thaspartate (NMDA) lesions made either before
entorhinal cortex has been suggested to be anafter the acquisition of different tasks.
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Material and Methods During the training trial, the animals were
gently held by their bodies and lowered onto
Subjects the platform with their noses pointing to the

left corner, when a timer was activated. The

Male adult Wistar rats (90-120 days,timer measured the latency to step down
weighing 230-270 g) from our breeding stocki.e., all four paws on the grid) when an
were housed in groups of 4 animals per cagstermittent footshock (0.5 mA, 60 Hz) was
and kept under a normal 12-h dark/lighdelivered until the animal climbed back onto

cycle with food and watead libitum the platform. In the test session, the animals
were again placed on the platform. No
Surgical procedures footshock was given in the testing session. A

300-s ceiling was imposed on testing session
The animals were anesthetized witHatency measurements; latenc90 s were

Thionembutal (thiopental sodium, 40 mg/counted as 300 s. Differences in testing-
kg.ip), and placed in a stereotaxic apparatugtaining session latencies were used as reten-
The needle (31 gauge) connected to @on scores.
Hamilton syringe (5 pl) and attached to the Two-way active avoidanc&he animals
stereotaxic injector was gently lowered intovere trained and tested in a two-way active
the entorhinal cortex through a skull holeavoidance task in an automatic 50 x 25 x 25-
using the following coordinates (bregma sysem opaque acrylic shuttle-box whose floor
tem), according to the atlas of Paxinos and/as a grid of bronze bars 1 mm in diameter
Watson (12): AP =-0.67 cm, LL =+0.50 cm,spaced 10 mm apart (16). Both the training
and DV =-0.58 cm from the dura mater, withand the test sessions consisted of 30-tone
the nosebar at -0.33 cm from the interaurdbotshock trials preceded by 3-min free ex-
line. A bilateral infusion (0.5 pl/structure) of ploration of the shuttle-box, with no stimula-
10 mg/ml NMDA was manually delivered tion. In each session, the intertrial interval
for 2 min, for a total dose of 5 ug per strucvaried at random from 10 to 50 s. Each 7-s
ture. The needle was withdrawn slowly aftetone was immediately followed by a 0.5-mA
5 min (13,14). Immediately after surgery thootshock delivered until the animals crossed
animals received an intramuscular injectiothe midline. The shock was omitted if
of penicillin. The animals were allowed tothe animals crossed to the opposite side of
recover for 1 week before being submitted téhe grid during the tone (avoidance response).
the behavioral tasks (training and testing, ifhe difference in the avoidance responses
the case of pretraining lesion) or to the tedtetween the test and the training trials
session (post-training lesion). Control aniwas used as the measure of retention (17,18).

mals were injected with saline. Habituation to an open fieldA 50-cm
high, 40 x 60-cm open field made of brown
Behavioral procedures plywood with a frontal glass wall was used

(15). The floor was subdivided into 12 equal

Step-down inhibitory avoidancelhe 13.3x15.0-cmrectangles delimited by white

animals were trained and tested for the onédines. Both in the training and in the test
way step-down inhibitory task using a 50 xsessions, the animals were gently placed fac-
25 x 25-cm plywood box with a glass-walling the left corner and allowed to explore the
front and a floor consisting of 1-mm bronzearena for 3 min. Rearings and line crossings
bars spaced 10 mm apart (15). The left end @fere counted in both sessions. The differ-
the grid was covered with a 5-cm high, 25ence in the number of rearings and crossings
cm wide, and 7.5-cm long wood platform.between the test and the training trials was
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used as the measure of retention. SEM and were analyzed by the Studeént
test. Nonparametric data are reported as
Histological analysis median (interquartile range) and were ana-

lyzed by the Mann-Whitney U-test.

After the behavioral studies, exact place-
ment of the site of injection (lesion) wasResults
determined histologically. The rats were anes-
thetized with an overdose of Thionembutakxperiment 1: Effect of pretraining lesion of
and perfused with saline solution followedthe entorhinal cortex on memory of different
by 10% formaldehyde solution. Slices werdasks
stained with hematoxylin-eosin. The loca-
tion of the lesion is shown in Figure 1. In the two-way active avoidance task
Behavioral data from only the animals withthere was no significant difference in train-
the lesion located in the intended site wering performance between groups (t(14) =

used. 0.18; P>0.05, Studertttest). Control ani-
mals showed better retention scores when
Experimental design compared to NMDA-lesioned animals (t(14)

= 2.91; P<0.02, Studernttest) (Figure 2).
In each experiment the rats were ran-
domly assigned to the different experimental Figure 1 - Drawing of a repre-

@ Lesion area

sentative coronal section show-
ing the localization of the lesion
(shaded area).

groups.

In Experiment 1, the animals were sub-
mitted to the surgical procedures. After one
week for recovery, lesioned and control rats
were submitted to only one behavioral task:
step-down inhibitory avoidance, two-way
active avoidance or habituation to the open
field.

In Experiment 2, the animals were di-
vided into three groups, and each group was
trained in one of the behavioral tasks used: ,_ Figure 2 - Effect of a pretraining
step-down inhibitory avoidance, two-way ac- lesion of the entorhinal cortex

. . . . % on performance in a two-way ac-
tive avoidance or habituation to the open O Training tive avoidance task. Data are re-
field. Twenty-four hours later, the rats were  '°7] 0 Testing ported as means + SEM (N = 8

[ Testing-training difference animals/group). *P<0.005 com-

pared to the training session
12 (paired Student t-test). **P<0.02
compared to the control group
(unpaired Student t-test).

submitted to the surgical procedures, with
half of the animals in each group receiving
saline and the other half NMDA injections.
After one week for recovery, the animals
were submitted to the respective test session.

In both experiments, the researcher who
collected the behavioral data was blind to
the condition of the animals (control or
lesioned).

Number of avoidance responses
©
|

Statistical analysis

Control Lesioned

Parametric data are reported as means *
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Figure 3 - Effect of a pretraining
lesion of the entorhinal cortex
on performance in a step-down
inhibitory avoidance task. Data
are reported as median (inter-
quartile range) (N = 8 animals/
group). There were no signifi-
cant differences between
groups (P>0.05, Mann-Whitney
U-test).

Figure 4 - Effect of a pretraining
lesion of the entorhinal cortex
on performance in an open field
task. Data are reported as means
+ SEM (N = 10 animals/ group).
There were no significant differ-
ences between groups (P>0.05,
Student ttest). *P<0.05 com-
pared to the training session
(paired Student t-test).

Figure 5 - Effect of a post-train-
ing lesion of the entorhinal cor-
tex on performance in a two-way
active avoidance task. Data are
reported as means + SEM (N=9
animals/group). *P<0.002 com-
pared to the training session
(paired Student t-test). **P<
0.001 compared to the control
group (unpaired Student t-test).
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Comparison of training and testing sessions
showed a significant difference in the con-
trol group (t(7) = 4.27; P<0.005, Student
paired-test), while no difference was found
in the NMDA-lesion group (t(7) = 0.33;
P>0.05, paired Studettest).

In the step-down inhibitory avoidance
task there was a significant difference be-
tween groups in the training session (t(14) =
2.80; P<0.02, Studertitest). The NMDA-
lesioned group had a lower latency to step
down (3.63 + 0.91) compared to the saline
group (8.50 + 1.49). In the testing session,
there was no difference in performance be-
tween groups (U = 24.0; P>0.05, Mann-
Whitney U-test) (Figure 3).

In the habituation to the open field there
was no significant difference in training or
testing performance between groups (P>0.05,
Studentt-test). Both groups showed a sig-
nificant difference between training and test-
ing sessions (P<0.05, paired Studefast),
which is interpreted as an adequate memory
for the task (Figure 4).

Experiment 2: Effect of post-training lesion of
the entorhinal cortex on memory of different
tasks

In the two-way active avoidance task
there was no significant difference in train-
ing performance between groups (t(16) =
1.65; P>0.05, Studenttest). Control ani-
mals showed better retention scores when
compared to NMDA-lesioned animals
(P<0.001, Student-test) (Figure 5). Com-
parison of training and testing sessions
showed a significant difference in the con-
trol group (t(8) = 4.5; P<0.002, paired Stu-
dentt-test), while no difference was found in
the NMDA-lesioned group (t(8) = 1.96;
P>0.05, paired Studentest).

In the step-down inhibitory avoidance
task there was no significant difference be-
tween groups in the training session (t(14) =
1.83; P>0.05, Studentttest). In the testing
session there was a significant difference in
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performance between groups (U = 8; P<0.02,
Mann-Whitney U-test). The NMDA-lesioned
group had a lower latency to step down,
suggesting a deficit of memory for this task
(Figure 6).

In the habituation to the open field there
was no significant difference in training or
testing performance between groups (P>0.05,
Studentt-test). Both groups showed a sig-
nificant difference between training and test-
ing sessions (P<0.05, paired Studetatst), %0
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which is interpreted as an adequate memory
for the task (Figure 7).

0 -

Discussion

20

The results show that bilateral NMDA

lesions of the entorhinal cortex have task-
specific effects on memory. In the two-way ']
shuttle avoidance, memory impairment was
observed with both pre- and post-training
lesions. In the inhibitory avoidance, only
post-training lesions had an amnestic effect,
which was far from complete. In this task,
pretraining lesions caused a significant dif-
ference between groups in the training ses- ,_|
sion, that may have been due to motor im-
pairment, with a consequent alteration in
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T

behavior. However, this was not the case,
since intertrial crossings in the two-way ac-
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Figure 6 - Effect of a post-train-
ing lesion of the entorhinal cor-
tex on performance in a step-
down inhibitory avoidance task.
Data are reported as median (in-
terquartile range) (N = 8 animals/
group). *P<0.05 compared to
the control group (Mann-
Whitney U-test).

Figure 7 - Effect of a post-train-
ing lesion of the entorhinal cor-
tex on performance in an open
field task. Data are reported as
means + SEM (N = 10 animals/
group). There were no signifi-
cant differences between
groups (P>0.05, Student t-test).
*P<0.005 compared to the train-
ing session (paired Student t
test).

tive avoidance, or crossings in the habituaretrieval. The impairment of performance in
tion to the open field presented no differshuttle avoidance caused by pretraining le-
ence. Furthermore, in the testing session &fons may be due to an effect on any of these
inhibitory avoidance there was no differencgophases. The results with post-training le-
in performance between groups. In the opesions suggest that its primary effect might be
field task neither pre- nor post-training le-on consolidation and/or retrieval. Previous
sions had any effect. studies (4,10,11) have suggested a major
The higher sensitivity of the shuttle avoid-role for this structure in late consolidation.
ance task to entorhinal cortex lesions is con¥illner et al. (20), however, have shown that
sistent with the idea that this area may plashe entorhinal cortex does also participate in
an integrative role in information processingacquisition, although its role does not be-
of successively acquired memories, sinceome manifest unless this structure is hin-
this task involves several consecutive trialslered within the late post-training period.
(4,11,19-21). Another way of viewing these findings is
The entorhinal cortex could, in principle, that the effect of the NMDA lesions of the
be involved in different aspects of memoryentorhinal cortex is correlated with the asso-
processing: acquisition, consolidation andiative characteristics of the task. In the

Braz ) Med Biol Res 30(6) 1997



774 G.P. Gutierrez-Figueroa et al.

shuttle avoidance paradigm, indeed, the anfask. Thus, the present data might be consid-
mals must compare the outcome of their pastred to support previous findings that sug-
behavior in each consecutive trial; this iggest a comparator or sorting-out role for the
needed just once in the inhibitory avoidancentorhinal cortex at the time of acquisition

task, and is in factirrelevant in the open fieldaind retrieval (20,22).
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